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Abstract

Pineapple, the king of tropical fruits, offers
much more than its juicy sweetness. Behind every slice
lies a story of hidden value, because nearly half of each
pineapple, including its peel, core, and crown, usually
ends up as waste. Yet these so-called “wastes” are
bursting with potential. They contain bromelain, fibre,
natural sugars, and powerful antioxidants that can be
transformed into health-promoting and eco-friendly
products. From making pineapple vinegar, wine, and
dietary fibre supplements to extracting bromelain for
medicines and cosmetics, scientists and entrepreneurs
are finding creative ways to turn fruit waste into valuable
resources. Even biofuels and biodegradable packaging
materials can be made from pineapple residues,
proving that sustainability can be sweet and profitable.
Moreover, local farmers can earn additional income by
processing pineapple residues into small-scale
products such as vinegar and animal feed, turning what
was once waste into profitable ventures. Food
industries can also benefit by reducing production
waste and developing new eco-innovative product lines
that appeal to sustainability-focused markets. At the
same time, consumers play a vital role by choosing
natural, waste-free, and health-promoting pineapple-
based products, thereby supporting a greener economy
and encouraging responsible consumption. By
rethinking waste and embracing innovation, pineapple
by-products are showing how a single fruit can inspire a
circular, greener economy — one that benefits both
people and the planet.
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Introduction

Pineapple (Ananas comosus) is one of the
world’s most beloved tropical fruits, cherished for its
vibrant flavour, nutritional richness, and versatility in
culinary and industrial applications. In India, it ranks as
the third most popular fruit, following bananas and
citrus, while globally, nations such as the Philippines,
Costa Rica, Brazil, Indonesia, and China contribute to
an impressive 28 million tonnes of annual production
(FAOSTAT, 2022). Despite its global significance,
pineappleis a highly perishable commodity. Its delicate

texture and high moisture content make it prone to rapid
spoilage and mechanical damage during harvesting,
transport, and storage.

In developing regions, where postharvest
facilities and cold chains are often limited, losses can
range between 20% and 40%, representing a substantial
economic and food security concern (Ningombam et
al., 2019). Much of this loss occurs due to inadequate
postharvest management, including poor handling,
limited preservation technologies, and insufficient
market access. The fruit’s relatively short shelf life
further limits its potential for wider distribution and
utilisation. As the global population grows and
sustainability becomes a priority, these challenges
highlight the urgent need for innovative strategies that
minimise waste and maximise value recovery from
agricultural produce.

In recent years, research and industry efforts
have shifted focus toward by-product utilisation,
transforming fruit processing residues such as peels,
cores, crowns, and pomace into high-value materials.
Pineapple, with its rich composition of enzymes, fibre,
and bioactive compounds, offers a remarkable
opportunity to contribute to the circular economy by
converting what was once considered waste into useful,
marketable products. This article explores how
pineapple by-products can be harnessed as a sweet
path to sustainability, uncovering their hidden potential,
health benefits, and innovative applications across
food, health, and industrial sectors.

Health benefits

The fruit is rich in vitamins, calcium, zinc,
manganese, copper, fibre, bromelain, and B-carotene.
Moreover, the fruit pulp has no fat or cholesterol and is
low in calories and sodium (Chaudhary et al., 2019).
Eating this fruit boosts the immune system, aids in
protein digestion, helps relieve common cold
symptoms, and contributes to stronger bones. The
health-promoting properties of pineapple are largely
linked to its bioactive compounds, including phenolic
acids, flavonoids, and the enzyme bromelain, which are
distributed across different parts of the fruit. These
compounds demonstrate diverse pharmacological
effects such as antioxidant, anti-inflammatory,
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antimicrobial, and anticancer activities. Phenolic acids
like gallic acid and ferulic acid help reduce oxidative
stress and inflammation, while bromelain, often derived
from pineapple by-products, exhibits strong proteolytic
and anti-inflammatory functions that aid digestion and
lower inflammation.

Regular consumption of pineapple or extracts
enriched with these bioactives may enhance
cardiovascular health, strengthen immune defences,
and mitigate oxidative stress and inflammatory
conditions, thereby supporting overall wellness and
disease prevention. Pineapple is rich in vitamin C,
polyphenols, dietary fibre, and both simple and
complex sugars, making it a valuable resource for
developing innovative food products. In addition, its by-
products contain structural compounds like insoluble
fibre, which can be utilised in the formulation of various
food items.

Pineapple by-products are known to be rich in
structural  carbohydrates such as cellulose,
hemicellulose, and lignin, which offer diverse
applications. With the growing demand for renewable
and eco-friendly materials, the production of cellulosic
products has significantly expanded. Therefore,
analysing the cellulose and hemicellulose content in
alternative sources like industrial fruit by-products is
essential for exploring new potential applications in the
coming years.

Peel Crown Pomace Core

Figure 1. Pincapple Waste

The Hidden Wealth in Pineapple Waste

What if 45-80% of a pineapple that we usually
throw away was actually the most valuable part? The
peels, core, crown, and even the fibrous pomace left
after juice extraction are often discarded as waste, yet
they are a treasure trove of nutrients and bioactive
compounds. This hidden wealth not only offers a
solution to fruit waste but also opens doors to new
industries and innovations rooted in sustainability.

During pineapple processing, nearly 30—
50% of the total fruit mass becomes by-products. These
“wastes” are anything but useless; they are rich in
cellulose, hemicellulose, lignin, pectin, phenolics, and
the proteolytic enzyme bromelain, all of which hold
immense industrial potential. Today, scientists and
entrepreneurs are turning this biological bounty into
food ingredients, medicines, cosmetics, and even
renewable energy sources.
The Star Enzyme: Bromelain

Amongthe valuable components extracted from
pineapple waste, bromelain stands out as the most
remarkable. Concentrated mainly in the core and
crown, this enzyme has the unique ability to break down
proteins, a property that has made it highly sought after
in diverse industries. In the food sector, bromelain
serves as a natural meat tenderiser and enhances the
texture and softness of baked goods. Its therapeutic
applications are equally impressive—it exhibits strong
anti-inflammatory, digestive, and wound-healing
properties, and clinical studies suggest that bromelain
canhelpreduce swelling, promote tissue repair, and aid
digestion. In the pharmaceutical and cosmetic
industries, its proteolytic ability makes it valuable in
skin treatments and dietary supplements designed to
control inflammation and improve recovery. Thus,
bromelain perfectly exemplifies how a discarded
pineapple core can be transformed into a high-value
bioproduct, reflecting the immense economic and
sustainable potential of pineapple by-product
utilisation.

An Antioxidant and Bioactive Goldmine

Beyond bromelain, pineapple by-products are
rich in phenolic compounds, natural antioxidants with
remarkable health-promoting and industrial benefits.
These bioactives play a vital role in protecting the body
against oxidative stress and inflammation, while also
serving as natural preservatives in food formulations.
Among them, gallic acid stands out as a potent
antioxidant with anti-inflammatory effects, commonly
used in edible coatings to enhance food preservation
and extend shelf life. Catechin and epicatechin,
powerful flavonoids also present in pineapple waste,
are similar to those found in green tea and have been
linked to regulating blood sugar by inhibiting a-
glucosidase enzymes, offering potential in diabetes
management. Ferulic acid, another valuable
compound, acts as a precursor for producing vanillin,
the primary component of vanilla flavour, through
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microbial biotransformation, an innovation that opens
new opportunities for natural flavour production from
fruit waste. Collectively, these compounds transform
pineapple peels and cores into a biochemical goldmine,
valuable for advancing human health, promoting
natural preservation, and supporting the development
of sustainable, plant-based ingredients.
A Factory for New Products

The high sugar and carbohydrate content of
pineapple residues makes them excellent substrates
for fermentation-based bioprocessing, effectively
transforming fruit waste into a small-scale factory for
producing eco-friendly and value-added products. The
lignocellulosic components, such as cellulose and
hemicellulose, can be enzymatically broken down to
yield bioethanol, a renewable and cleaner alternative to
fossil fuels. Through controlled fermentation, pineapple
waste can also generate organic acids like lactic acid
and citric acid, which are essential ingredients in food
preservation, pharmaceuticals, and biodegradable
plastic production. Additionally, the sugar-rich peels
and pulp serve as ideal raw materials for crafting fruit
vinegar and pineapple wine, both of which are gaining
popularity as natural, artisanal products. The core and
peel further contribute to sustainability as rich sources
of dietary fibre, which can be extracted and
incorporated into bakery items, beverages, and
functional foods to improve their nutritional value. Thus,
pineapple waste is no longer merely a disposal concern
but a resource hub for innovation, driving sustainable
product development across multiple industries.
Pineapple Vinegar: A Tangy Turn for Waste

Among the many value-added products derived
from pineapple residues, pineapple vinegar stands out
as both eco-friendly and economically promising. The
peels, cores, and pulp, which are rich in natural sugars,
serve as ideal substrates for fermentation, first by
yeasts that convert sugars into alcohol, and then by
Acetobacter bacteria that transform the alcohol into
acetic acid. The resultis a golden, aromatic vinegar with
a pleasant tropical flavour and a natural source of
antioxidants, vitamins, and organic acids. Pineapple
vinegar not only rivals traditional fruit vinegars in taste
and quality but also provides functional health benefits
such as improving digestion, reducing cholesterol, and
aiding metabolism. For small-scale processors and
rural entrepreneurs, it offers a low-cost, high-value
product that turns fruit waste into a marketable
commodity, embodying the true spirit of sustainability

through innovation. In addition, pineapple vinegar
production supports waste reduction and
environmental protection, minimising organic waste
loads from fruit processing industries. Moreover, it
promotes local value chain development, empowering
small farmers and communities to create profitable
niche products that appeal to health-conscious
consumers and export markets.

Value-Added Products from Pineapple By-Products

Pineapple processing generates a substantial
amount of by-products, mainly the peel, core, crown,
and pomace, which can account for nearly half of the
fruit’s weight. Traditionally treated as waste, these
materials are now being recognised as valuable raw
ingredients for value-added product development.
Through innovative bioprocessing, extraction, and
fermentation technologies, pineapple residues are
finding new life in diverse industries.

1. Food and Beverage Innovations

The peels and cores, rich in sugars and dietary
fibre, serve as excellent substrates for producing
pineapple wine, vinegar, jam, and organic acids.
Fermented products made from pineapple peel have
shown promising sensory qualities and nutritional
benefits, offering a sustainable alternative to synthetic
additives. In addition, dietary fibre extracted from the
by-products can be incorporated into bakery items,
breakfast cereals, and health beverages to enhance
texture and nutritional value.

2. Enzyme Extraction

One of the most commercially valuable
compounds obtained from pineapple by-products is
bromelain, a proteolytic enzyme found mainly in the
stem, core, and crown. Bromelain is widely used as a
meat tenderiser, a component in pharmaceutical
formulations for inflammation and digestion, and in
cosmetic products for exfoliation and wound healing.
Industrial extraction of bromelain from waste materials
not only adds value but also significantly reduces
environmental burden.

3. Animal Feed and Compost

The fibrous nature of pineapple pomace makes
it a suitable ingredient in livestock feed, providing
energy and roughage for cattle and poultry. Moreover,
pineapple residues can be converted into organic
compost, enhancing soil fertility and supporting
sustainable farming systems.
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4. Industrial and Bioenergy Applications

Pineapple waste contains lignocellulosic
material that can be converted into bioethanol and
biogas, providing renewable energy sources that reduce
dependency on fossil fuels. Furthermore, the high
cellulose and hemicellulose content makes pineapple
residues suitable for manufacturing biodegradable
films, packaging materials, and paper pulp, aligning
with the growing global demand for eco-friendly
alternatives.

Conclusion

In essence, the pineapple, long valued for its
sweetness, is nhow proving to be a symbol of
sustainability. By reimagining its by-products as
valuable resources rather than waste, we can unlock a
cycle of innovation that benefits both the economy and
the environment, truly a sweet path to a sustainable
future. Valorising pineapple waste exemplifies the
circular economy, minimising environmental impact,
creating new revenue streams, and driving innovation in
green industries. Pineapple by-products, once hidden
and undervalued, are now at the heart of sustainable
food systems, offering a sweet path to environmental
and economic well-being.
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